Pyridostigmine, an acetylcholinesterase inhibitor that increases acetylcholine levels in neuromuscular junctions and postganglionic parasympathetic nerve-targeted organ junctions, is a drug previously used for protection of the military from nerve agents and is routinely used clinically for the treatment of myasthenia gravis. Inhibition of the enzyme acetylcholinesterase impairs the hydrolysis and removal of acetylcholine in order to facilitate repolarization in the synapse. Enteric nerves in the submucosal and myenteric plexus of the gut wall are categorized in the postganglionic parasympathetic division and also release acetylcholine in order to regulate intestinal functions. Based on the long-term observation that smokers (with stimulation of nicotinic acetylcholine receptors) seldom develop T helper (Th) 2-type ulcerative colitis (UC), whereas the habit of smoking seems to worsen the symptoms of Th1-type Crohn's disease (CD), the effect of pyridostigmine as a potential therapy for UC was investigated in a preclinical study by Singh et al. published in this issue of Digestive Diseases and Sciences [1] .
The article reported that pyridostigmine bromide (PB) given by intraperitoneally implanted osmotic minipumps for 2 weeks ameliorated colitis severity in a dextran sodium sulfate (DSS)-induced UC mouse model. A dose of 2 mg/ day/kg body weight starting 7 days prior to providing 3% DSS in the drinking water was given to the mice and continued for 8 days during DSS drinking until the day of killing. Reduced body weight loss and histopathological score associated with increased tight junctional expression as measured by ZO-1 staining on colonic tissues were found in the PB group but not in the saline group. Other improved eosinophil-related parameters related to DSS challenge, including peripheral eosinophil counts, eotaxin, and in particular IL-5 and IL-13 levels, were significantly decreased in the PB group compared with the saline group. The data indicated that long-term use of PB as a treatment for colitis should be studied since the affected cytokines have effects outside of eosinophil differentiation. IL-5 is also involved in supporting the growth and terminal differentiation of B cells into antibody-secreting cells, and IL-13 is involved in elastin remodeling [2, 3] . The modulation of IL-5 may impact secretory IgA production in the intestine, which is crucial for maintaining a normal microbiota composition and mucosal anti-microbial function [4] [5] [6] .
In the article by Singh et al., DSS-induced bacterial dysbiosis, which correlated with colitis severity, was reversed or prevented by the use of PB through an unknown mechanism. It is plausible that IL-5-modulated secretory IgA production may be involved in the changes of microbiota composition. Moreover, the detailed mechanisms of how PB decreased IL-5 and IL-13 production originating from either T lymphocytes or mast cells through the elevation of acetylcholine levels warrant further studies. Whether the increase in acetylcholine levels associated with PB may alter the expression of choline acetyltransferase (ChAT, an enzyme required for acetylcholine synthesis) in neurons and non-neuronal cells such as T lymphocytes [7] by a negative feedback loop would be an another interesting mechanism to uncover.
Increased transport of gut flora into subepithelial tissue is thought to be one of the initiating factors contributing to the pathogenesis of inflammatory bowel disease (IBD), especially UC. Elevated gut paracellular permeability and endotoxemia often precede symptom flare in IBD [8, 9] . The study of Singh et al. offered some insight into the contribution of acetylcholine toward the organization of epithelial junctional barrier and microbial composition. Treatment with PB increased epithelial tight junction protein staining that correlated with a restoration of specific bacterial species in the fecal microbial population in the DSS mouse model. increased transepithelial electrical resistance and tight junctional expression in epithelial cell lines [10, 11] . Nevertheless, activation of muscarinic receptors was also involved in increased transcytotic passage of macromolecules in rat gut tissues in models of psychological stress [12] . The impact of cholinergic stimuli on the divergent regulation of transcellular versus paracellular permeability of intestinal epithelia has yet to be explored in models of UC. Visualization of transepithelial bacterial internalization by electron microscopic techniques and in situ hybridization [13, 14] would help distinguish transcellular from paracellular changes upon cholinergic stimulation. Additional studies are warranted in order to characterize the mechanisms of acetylcholineinduced macromolecular transcytosis, in particular, clathrinor caveolin-dependent transcytotic pathways. Importantly, the acetylcholine-mediated increase in transcellular passage of macromolecules and possibly bacteria, either through intestinal epithelia or M cells on Peyer's patches, may be involved in the regulation of mucosal immunity and serve as a driving force for altering microbial composition [15] [16] [17] . The report by Singh et al. demonstrated that PB inhibited the DSS-induced loss of Clostridia and Flavobacteria and increased the abundance of Erysipelotrichia and Fusobacteria in the fecal microbiota. The key question is whether microbial dysbiosis is a cause or effect of chronic inflammation. If the changes in microbial composition-gain or loss of particular bacterial strains-may provoke the onset of colitis, then what causes gut dysbiosis and the emergence of commensal-derived pathobionts in the first place? Further evaluation of previously reported mucosa-associated bacterial strains with colitogenic ability [5] , such as Escherichia coli, Enterococcus faecalis, and Bacteroides subspecies, would add persuasive information regarding the alteration of microbial composition by cholinergic modulation.
In this study, PB administered prior and during DSS drinking attenuated mucosal inflammation and increased the staining of tight junctional proteins in a UC-like model. It would be interesting to investigate the detailed mechanisms and time courses of the underlying mucosal and microbial alterations conferred by PB. Other recent reports also pointed out the possibility of cholinergic modulation for treatment of IBD by experimental models and clinical trials. A murine study showed that ChAT-positive T lymphocytes strengthened the acute innate immune response following mucosal barrier disruption but supported the later resolution process in DSS-induced colitis [18] . Vagus nerve stimulation alleviated colitis severity and was suggested as an alternative approach to anti-inflammatory drugs [19, 20] . Another aspect to reflect on is that cholinergic stimuli acting as secretagogues promoted colonic ion secretion through activation of both muscarinic and nicotinic receptors on epithelial cells [21] . Cholinergics may facilitate outflux and clearance of the colitogenic mucosa-associated bacteria; however, the use of pro-secretory drugs would also raise concerns for aggravating diarrheal symptoms. In sum, cholinergic medication could be applied in the future for UC management but cautions should be taken regarding the timing and duration of its use which may result in different outcome.
